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In this paper we describe of the adhesive propertes between fiber glass and 
polyethylene or, in other words, of the weldability including combination 
of glass fiber base material and resin. 
INTRODUCTION 
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As a neW method of molding of fiber glass reinforced polyethylene (FRPE), we have 
made an impregnation sheet by combining glass fiber base material in the form of 
mat (E glass fiber made by Nittobo Co., Ltd.) and resin made into film beforehand 
(high pressure polyethylene made by Sumitomo Chemical Co., Ltd.). We wish to 
present here the properties and weldability of such impregnation sheet obtained 
through a series of experiments. There have been many reports on fiber glass 
reinforced thermoplastics (FRTP) ; e. g. FRV1l2 ) with polyvinylchloride, Stampglas3) 
and AZDEL A-I004) by Owens-Corning Fiberglas Corp. (OCF) and GRTL Corp. res-
pectively with polypropylene, and AZDEL A-200') by GRTL Corp. with AS resin. 
EXPERIMENTAL RESULTS AND CONSIDERATION 
As we had reported previously on ultrasonic welding6), we have this time used 
heating plate welding method. Fiber glass reinforced polyethylene has been made by 
impregnation sheet method with hot press, and possibility of welding by heating plate 
has been explored. In an experiment like this, it is essential that the glass fiber base 
material has been satisfactorily impregnated with resin and that the adhesion between 
these two is strong. The impregnation sheet we have used in the experiments had 
30% in the ratio of glass fiber content, registered approximately 5 times as much of 
the tensile strength of the resin base material and showed comparatively good con-
dition of impregnation in microscopic examination. Now, in welding of fiber glass 
reinforced polyethylene, it is necessary that the glass fiber diffuses mutually on both 
sides of welding part, and that the resin is deposited sufficiently and induces fully 
the glass fiber which has diffused mutually. From Fig. 1, which shows the result ef 
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experiment concerning relationship between lap le-
ngth and welding strength, it is appreciated that the 
welding strength of 0.25 mm. thick FRPE with 3 mm. 
lap length almost reaches the strength of fiber glass 
reinforced polyethylene sheet. However, since the 
mutual diffusion of glass fiber and deposition of 
resin including the glass fiber cannot be accompli-
shed successfully at both ends of the lap, it has 
become apparent that no perfect welding can be 
expected within about 1 mm. from both ends of the 
lap. Fig. 2 shows the welding conditions with rela-
tion to welding temperature, welding pressure, ratio 
of glass fiber content, welding joint strength and 
welding joint efficiency. Comparing these experim-
ents, we have ascertained that the welding condition 
shown under Fig. 2 (b) has produced excellent wel-
ding strength and almost 100 % in welding joint 
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Fig. 1 Relation between welding 
lap length and tensile str-
ength for the fiberglass 
reinforced polyethylene 
(0.25mm sheet). 
efficiency irrespective of the ratio of glass fiber content, which 100 % in welding joint 
efficiency is equivalent to that of the base material itself. Incidentally, when the 
welding pressure is increased, comparatively gibber welding strength is obtained at 
lower range of welding temperature, and the higher the welding temperature be, the 
welding strength becomes less. This phenomenon is attributable to the fact that the 
resin starts viscous flow under excessive welding pressure, thence welding cannot be 
performed under the condition of the glass fiber being included sufficiently with the 
resin as mentioned above. Microscopic examinations have been carried out on com-
positness of test pieces prepared by the impregna tion sheet method, a new method 
of molding of fiber glass reinforced polyethylene, as well as on deposit mechanism in 
welding experiments using such test pieces. Photo. 1 shows microscopic structure of 
composit materials made by impregnation sheet method, while photographs (b) and 
(c) give microphotographs of the materials which have been caused strain of 0.5 % 
and 1.0% respectively by applying tension laterally at the speed of 10 mm/min. From 
these photographs, the glass fibers are seen to have been moved slightly with the 
flow of inclusion resin following overall plastic flow, and this means that the adhesion 
of glass fiber to resin is satisfactory. Photo. 2 shows process of tension test of fiber 
glass reinforced polyethylene until breakdown, and composite condition of glass fiber 
and resin can be observed macroscopically. Namely, under strain of 1.8 %. necking 
phenomenon is clearly seen, and at the place where strain reaches 2.5 %, void hole 
can be seen and rupture is initiated. The glass fiber base material and the inclusion 
resin are breaking away at this point, and the strength in this neighborhood can be 
deemed to be the limit of adhesion of the glass fiber and the resin. Furthermore, 
under strain of 4 %, as shown in photograph (c), propagation of breaking-down 
becomes more vehement, and when strain reaches 5 % the fiber glass reinforced 
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Fig. 2 Welding conditions for the fiberghss r einforced polyethylene ( Heating tool 
welding m ethod). 
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Photo. 1 Microscopic structure of com;;>osit materials m ade by impregnatbn she~:.t. 
polyethylene breaks down almost entirely. Photo. 3 is a microphotograph of boundary 
zone of deposit of fiber glass reinforced polyethylene sheet, from which it is clearly 
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Phot o. 3 Microph :)t :)graph of boundary zon e of deposit e of fiberglass reinforced 
polyethylen e sheet. (T ensile s tra in 2.0 %) 
seen that the glass fiber is considerably diffused mutually. It is also observed from 
this photograph that the surface r esin has been subjected to viscous flow considerably 
on ac'Cqunt of the surface at the weld of impregnation sheet being heated by direct 
contact of heating plate and, therefore, that the ratio of glass fiber content has be-
come greater. With welding test piece, no initiation of rupture is observed under 
strain of 2 %. 
CONCLUSION 
The following summary can be made from the results of the present experiments. 
It is interesting to note that fiber glass reinforced polyethylene has excellent physical 
properties and economic advantage of polyethylene, plus strength and heat resisting 
properties. However, the adhesive properties which are dependent upon polarity 
peculiar to polyethylene bring out problems and this is why the industrialization of 
polyethylene is somewhat fallen behind. In this report, we have treated of adhesive 
properties between fiber giass and polyethylene or, in other words, of weldability 
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including combination of glass fiber base material and resin. From this report, 
you may find that the composit material of polyethylene of bigger strength can be 
obtained through the impregnation sheet method in which glass fiber base material 
of mat form is combined with resin, and that the result of welding can be as 
excellent as the composite material itself. 
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